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PISTON LOCKING ACTUATOR 

10 Inventor 

Shawn A. McAuley 

Field of the Invention 

This invention relates generally to powered actuators, and, more specifically, to 
locking actuators. 

1 5 Background of the Invention 

Aircraft and other vehicles and equipment commonly have powered actuators driving 
a wide variety of components. In aircraft, powered actuators may be utilized in connection 
with the aircraft engines to actuate thrust-reversing mechanisms. In some applications, it 
may be desirable to lock the actuator to securely hold it in a desired position. 

20 Current piston actuators in aircraft applications typically lock the actuator in a 

withdrawn position as opposed to an extended position. However, space limitations or other 
factors may make an actuator that locks in a withdrawn position undesirable. 

Therefore, it would be desirable for an actuator to lock in an extended position. 
However, an unmet need exists for a compact actuator that can be locked in an extended 

25 position. 

Summary of the Invention 

Embodiments of the present invention present a locking actuator that may be locked 
in an extended position. Advantageously, locking actuators according to embodiments of the 

_ m . 1 . Black Lowe & Graham ^ c 

25315 ^ 

CUSTOMER NUMBER r , r . A n . 

boei-1-1227 ap 701 Fifth Avenue, Suite 4800 

Seattle, Washington 98104 
206.381.3300 • F: 206.381.3301 



present invention may be used in applications where space limitations make undesirable 
actuators that lock in a withdrawn position. As a non-limiting example, locking actuators 
according to embodiments of the present invention may be well-suited to applications in 
thrust-reverser actuators for jet engines. 

According to an embodiment of the present invention, an actuator includes a piston 
with a first and a second end. The piston defines a recess that originates proximate to the 
first end. A strut is adapted to at least partially nest within the recess, and the strut is adapted 
to hold at least one locking mechanism proximate to a tip of the strut. At least one locking 
mechanism is adapted to move into a first position engaging the piston when the actuator is 
locked, and is adapted to move to a second position not engaging the piston when the 
actuator is unlocked. 

In accordance with an aspect of the invention, a shaft within the strut moves the 
locking mechanism between the first position and the second position. 

In accordance with another aspect of the invention, the locking mechanism includes 
locking keys adapted to engage at least one groove internal to the piston when the actuator is 
locked. 

In accordance with a further aspect of the invention, the locking actuator is 
incorporated with an aircraft engine to drive a thrust reverser. 

Brief Description of the Drawings 

20 The preferred and alternative embodiments of the present invention are described in 

detail below with reference to the following drawings. 

FIGURE 1 is a cross section view of an exemplary locking actuator of the present 
invention; 

FIGURE 2A is a cross section view of an exemplary strut and locking keys in an 
25 unlocked position in an exemplary locking actuator of the present invention; 

FIGURE 2B is a cross section view of an exemplary strut and locking keys in a 
locked position in an exemplary locking actuator of the present invention; 

FIGURE 3A is an end view of the configuration of three exemplary locking keys of 
the present invention; 

30 FIGURE 3B is a perspective view of an exemplary locking key of the present 

invention; 

FIGURE 3C is a side view of an exemplary locking key of the present invention; 
FIGURE 4A is a cross section view of an aircraft engine incorporating an exemplary 
locking actuator of the present invention driving a thrust reverser in the forward thrust 
35 position; 
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FIGURE 4B is a cross section view of an aircraft engine incorporating an exemplary 
locking actuator of the present invention driving a thrust reverser in the reverse thrust 
position; and 

FIGURE 5 is an end view of an exemplary locking actuator of the present invention. 
5 Detailed Description of the Invention 

By way of overview, embodiments of the present invention present a locking actuator 
that may be locked in an extended position. In an exemplary actuator, a piston with a first 
and a second end defines a recess originating proximate to the first end. A strut is adapted to 
at least partially nest within the recess, and the strut is adapted to hold at least one locking 

10 mechanism proximate to a tip of the strut. The at least one locking mechanism is adapted to 
move to a first position engaging the piston when the actuator is locked, and is adapted to 
move to a second position not engaging the piston when the actuator is unlocked. 

Referring to FIGURE 1, an exemplary locking actuator system 10 according to an 
embodiment of the present invention is in an extended position. A primary piston 20 has a 

15 first end 23 and a second end 21. In this example, the second end 21 is attached to a 
spherical rod end 22 adapted to attach to a component or mechanism (not shown) to be 
driven by the system 10. The rod end 22 is locked into the piston with a jam nut 25. The 
piston 20 defines a recess 24 projecting within the piston 20 from the first end 23 along a 
longitudinal axis 27 of the piston 20 towards the second end 21. The recess 24 is sized to 

20 permit a strut 40 holding a locking mechanism 50 proximate to the tip of the strut 40 to 
substantially nest within the recess 24. 

The piston 20 suitably is hydraulically driven. Hydraulic pressure is suitably applied 
to the first end 23 of the piston 20. A first hydraulic cylinder 30 surrounds the first end 23. 
The interface between the first end 23 and the cylinder 30 is sealed with a plurality of 

25 hydraulic seals 12. A scraper 14 also surrounds the piston 20 at where it exits the cylinder 
30. The scraper 14 removes foreign debris from the piston 20. The scraper 40 thus helps to 
protect the seals 12 from failure caused by foreign materials as the piston 30 moves in and 
out from the cylinder 30. The cylinder 30 in this exemplary embodiment has two hydraulic 
feeds. An extend hydraulic feed 32 provides hydraulic pressure to extend the piston 20 from 

30 the cylinder 30 and a withdraw and unlock hydraulic feed 84 provides hydraulic pressure to 
withdraw the piston 20 within the cylinder 30. 

When the piston 20 is substantially withdrawn into the cylinder 30, the strut 40 
substantially nests within the recess 24. When the piston 20 is extended from the cylinder 
30, the strut 40 partially nests within the piston 20. When the piston 20 is in a withdrawn 

35 position (not shown), the strut 40 nests within the recess 24 substantially parallel with the 
axis 27. In that position, a tip 41 of the strut 40 projects into the recess 24 to near the second 
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end 21 (still internal to the piston 20). Hydraulic seals 12 provide a hydraulic seal between 
the piston 20 and the strut 40 proximal to the first end 23. 

By way of example and not limitation, the strut 40 has a base 43 that supports the 
strut 40 within the piston 20 such that the tip 41 is within the recess 24. The strut 40 holds a 
5 locking mechanism 50 near its tip 41. In this exemplary embodiment, the locking 
mechanism 50 includes locking keys 60 that engage key slots or a groove 26 within the 
piston 20 and extending outward from the recess 24 substantially perpendicular to the 
longitudinal axis 27. Locking keys 60 are held by and project through keyways 44 in the 
strut 40 near its tip 41 . 

10 As will be described in further detail with respect to FIGURES 2 A and 2B below, the 

keys 60 extend into the groove 26 in the piston 20 when the system 10 is locked. It will be 
appreciated with the locking keys 60 held proximal to the tip 41 and the groove 26 proximal 
to the first end 23 that the system 10 can suitably lock with the piston 20 in an extended 
position, that is with the strut 40 only partially nested within the piston 20. It will be 

15 appreciated that additional sets of grooves 26 suitably may provide for the system 10 to be 
locked with the piston 20 in other extended positions. 

By way of example but not limitation, the locking keys 60 are moved into the groove 
26 by a lock/unlock shaft 55 movably held within a bore 42 through the center of the strut 40. 
The shaft 55 extends through the strut 40 from the base 43 to the tip 41 of the strut 40 with a 

20 head 51 of the shaft 55 proximate to the tip 41 of the strut 40. A foot 53 of the shaft 50 
extends out of the base 43 of the strut 40. Seals 12 suitably seal the interface between the 
shaft 55 and the strut 40 near the base 43, where the shaft enters the bore 42. 

The head 51 of the shaft 55 is adapted to drive the locking mechanism 50. In this 
embodiment, the head 51 includes a ramp 54 that pushes the locking keys 60 into the groove 

25 26 when the system 10 is locked, as will be described further with reference to FIGURES 2 A 
and 2B below. The shaft 55 may be operated by any suitable driving mechanism including 
but not limited to spring activation, hydraulic activation or manual activation. In this 
exemplary system 10, the foot 53 defines a hydraulic locking piston 52 that, when 
hydraulically driven, moves the shaft 55, thereby disengaging the locking mechanism 50. 

30 The locking piston is biased towards a locked position by a coil spring 57. 

The locking piston 52 suitably is enclosed in a second hydraulic cylinder or body 80. 
In this embodiment the body 80 is an extension of the base 43 of the strut 40. The interface 
between the locking piston 52 and the body 80 is suitably sealed with hydraulic seals 12. 
The body 80 through an end cap 86 also holds the locking spring 57 biasing the locking 

35 piston 52 and hence the shaft 55 in a locking position. A withdraw and unlock hydraulic feed 
84 through the body 80 suitably provides hydraulic pressure to move the locking piston 52 
and the attached shaft 55 into an unlocking position. It will be appreciated that the locking 
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spring 57 biasing the locking piston 52 towards the tip 41 of the strut 40 pushes the shaft 55 
within the strut 40 towards the tip 41 of the strut 40. This pushing causes the ramp 54 to 
push the locking keys 60 into the groove 26 in the piston 20, thereby locking the system 10. 
By way of example, but not limitation, the withdraw and unlock hydraulic feed 84 provides 
5 hydraulic pressure (not shown) that both moves the shaft 55 into an unlocked position 
(pushing against the biasing effect of the locking spring 57) and withdraws the piston 20 (by 
applying withdrawing pressure to the first end 23 of the piston 20). A supply tube 85 
provides a link between the withdraw and unlock hydraulic feed 84 located on the body 80 
surrounding the locking piston 53 and the cylinder 30 surrounding the primary piston 20. In 
10 this exemplary embodiment, the cylinder 30 and the body 80 are held together with a spanner 
nut 83 

The locking spring 57 is held in place against the locking piston 52 by the end cap 86 
threadedly connected into the body 80 surrounding the locking piston 52. The end cap 86 is 
vented with a vent hole 87 covered with a protective screen 88. The shaft 55 is also vented 

15 with a vent passage 56 that suitably is bored down the center of the shaft 55. The hole 87 
and passage 56 suitably vent air to and from the recess 24 within the piston 20, and the foot 
53 of the lock/unlock shaft 55 encompassing the locking spring 57, reducing any vacuum or 
pressure build up which may impede movement of the piston 20 and/or the shaft 55. 

Withdrawing the locking piston 52 with hydraulic pressure pulls back the shaft 55 

20 within the strut 40 thereby permitting the ramp 54 to release the locking keys 60. This 
pulling permits the keys 60 to fall away or be withdrawn from the groove 26. In this 
exemplary embodiment, by way of example, but not limitation, a ring spring 61 suitably 
biases the keys 60 inward in a released position. Absent hydraulic pressure withdrawing the 
locking piston 52, the locking spring 52 biases the locking piston 52 and attached shaft 55 

25 towards the tip 41 of the strut with the result that the keys 60 are affirmatively held outward 
in a locked position by the ramp 54. 

The system 10 can, by way of example but not limitation, include alternate 
mechanisms for locking or unlocking the piston 20. For example, the foot 53 of the shaft 55 
defines a pawl slot 58 along a side of the locking piston 52. An oblong pawl 70 extends 

30 through the body 80 into the pawl slot 58. Moving the pawl 70 suitably moves the shaft 55 
towards the tip 41 and away from the tip 41, thus engaging and disengaging the locking 
mechanism 50. In this example, the pawl 70 is held on a pivot 74 proximate to the body 80 
by a pawl housing 79. The pawl 70 is driven by a lever 72 linked to the pawl 73 through the 
pivot 74. The lever 72 suitably is activated by hand through a clevis 77 linked to a pushrod 

35 76. Thus, it will be appreciated that the system 10 may be unlocked manually using the pawl 
70 to move the shaft 55. It will be appreciated that a variety of driving mechanisms may be 
utilized to move the shaft 55. By way of example but not limitation, the shaft 55 may be 
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driven by a solenoid and by manual operation, or through other combinations of one or more 
driving mechanisms or biasing springs. 

It will also be appreciated that the piston 20, itself, may also be driven by a variety of 
mechanisms. By way of example but not limitation, an electric helical ball drive suitably 
may extend or withdraw the piston 20 by driving the first end 23. The strut 40 still nests 
within the recess 24 when the piston 20 is withdrawn and only partially nests within the 
recess 24 when the piston 20 is in an extended position, with the locking mechanism 50 
internal to the piston 20. 

FIGURE 2A shows the locking mechanism 50 of FIGURE 1 in an unlocked 
configuration and FIGURE 2B shows the locking mechanism 50 of FIGURE 1 in a locked 
configuration. Both FIGURES 2A and 2B show the strut 40 in the area of the groove 26. 
The groove 26 are adapted to accept the locking keys 60 when the locking mechanism 50 is 
engaged. In FIGURES 2A and 2B, the strut 40 encloses the shaft 55. Moving the shaft 55 
within the strut 40 towards and away from the tip 41 of the strut 40 pushes the keys 60 into 
the groove 26 by moving the keys 60 along the ramp 54. 

In FIGURE 2A, the locking shaft 55 is withdrawn to a position away from the tip 41. 
The ramp 54 has a low end 57 and a high end 59. In a withdrawn position of the shaft 55, the 
locking keys 60 are proximate to and rest against the low end 57. In this configuration, the 
locking keys 60 nest substantially within the key ways 44 and do not project into or engage in 
the groove 26. The ramp 54 in this embodiment thus forms a tapered section around the shaft 
55. The low end 57 of the ramp 54 forms a narrower portion of the shaft 55 than does the 
high end 59. In this example, the low end 57 is closer to the tip 41 than the high end 59. 
Thus, the locking keys 60 are not pushed into the groove 26 by the ramp 54 when the shaft 
55 is withdrawn from the tip 41. A ring spring 61 aids in withdrawing the keys 60 from the 
groove 26 when the shaft 55 is withdrawn. The keys 60 are pushed into the groove 26 when 
the shaft 55 is projected further into the strut 40 towards its tip 41. As the shaft 55 is moved 
toward the tip 41, the keys 60 ride up the ramp 54 progressively extending into the groove 26 
in the surrounding piston 20. The keys 60 are then proximate to and resting against the high 
end 59 of the ramp 54. It will be appreciated that the keys 60 contact the inside of the piston 
20, a non-hydraulic pressure bearing surface. Thus, incidental wear from the keys 60 will not 
affect the hydraulic integrity of the actuator system 10. 

It will be appreciated that the ramp 54 suitably may be reversed with respect to the 
shaft 40. In this case, the keys 60 are pushed into the groove 26 by the shaft 55 when the 
shaft 55 is withdrawn away from the tip 41 of the strut 40, and vice versa (conversely to the 
directions shown in FIGURES 2A and 2B). It will also be appreciated that a variety of the 
configurations of the ramp 54 may be utilized or alternative mechanisms may be used to 
move the keys 60. By way of example but not limitation, ramps configured circumferentially 
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around the shaft 55 suitably may push the keys 60 into the slots 26 when the shaft 55 is 
rotated. 

Referring to FIGURE 2B, the locking shaft 55 is in a locking position with its head 
51 extended towards the tip 41 of the strut 40. This places the locking keys 60 over the upper 
5 end 59 of the ramp 54. The locking keys 60 are thus held projecting through the keyways 44 
into the groove 26. The ring spring 61 is stretched in this configuration, ready to contract 
and withdraw the keys 60 when the shaft 55 is later moved into an unlock position. 

In the locked position, the keys 60 fit snugly within the groove 26 and the keyways 
44, thereby holding the piston 20 and the strut 40 in a fixed position with respect to each 
10 other. It will be appreciated that compressing the system 10 places the keys 60 in sheer. 
Thus, the keys 60 suitably are sized to safely maintain any desired loadings on the piston 20. 
Similarly, the strut 40 is sized to support the keys 60 in a locked position when the piston 20 
is under stress. 

FIGURES 3A, 3B and 3C are alternate views of exemplary locking keys 60. An end 

15 view of the key 60 is shown in FIGURE 3 A. In this configuration, the system 10 (not 
shown) includes three locking keys 60 held at least partially within the strut 40 (shown in 
phantom). Three key centerlines 59 are radially aligned around the circumference of the strut 
40 with an angle a of around 120 degrees between them. In this end view, the three keys 60 
have shapes similar to cut segments from a washer with an inner-radius 62 and outer-radius 

20 64 and sides 65. The sides 65 slidably fit within the keyway 44. Referring briefly back to 
FIGURE 2A, the keys 60 are shown in the withdrawn position, and the key 60 with the outer- 
radius 64 has the same radius as the strut 40. With the keys 60 in the withdrawn position, 
their outer-radius 64 matches that of the strut 40. Thus, the keys 60 do not engage the 
surrounding piston (not shown). The ring spring 61 is not shown 

25 Referring to FIGURE 3B, a chamfer 66 along the outer-radius 64 or edge of the key 

60 may be incorporated into the keys 60 to aid disengaging the keys 60 from the groove 26 in 
the piston (not shown) when the ramp 54 moves underneath the keys 60, thereby releasing 
them from the groove in the piston (not shown). Referring now to FIGURE 3C, a champher 
66 is made in the key 60 along the outer-radius 64. The key 60 in side view suitably is 

30 substantially rectangular in shape and has a flat front 68 and a flat back 69 that are parallel to 
each other, thereby permitting the key 60 to slide within the keyway 44 (not shown). 

Returning to FIGURES 1, 2A and 2B, as well, the operation of the exemplary locking 
actuator system 10 can thus be summarized. In a typical static state, the primary piston 20 is 
extended. The locking shaft 55 is biased by the locking spring 57 towards the tip 41 of the 

35 strut 40 within the first end 23 of the piston 20. The high end 59 of the ramp 54 holds the 
locking keys 60 through and extended from the keyways 44 in the strut 40 into the groove 26 
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in the piston 20, locking the piston 20 in the extended position. In this embodiment, the 
piston 20 remains locked even in the absence of hydraulic pressure. 

In a retract operation, hydraulic pressure is applied or increased to the unlock and 
withdraw hydraulic feed 84, and released or decreased from the extend hydraulic feed 32. 
5 The unlock piston 52 is pressured against the locking spring 57, and the shaft 55 partially 
withdraws from the strut 40. The low end 57 of the ramp 54 moves under the locking keys 
60 and they are withdrawn from the groove 26 into the strut 40 by the ring spring 61. The 
piston 20 is now unlocked. Hydraulic pressure from the unlock and withdraw feed 84 is also 
fed by a supply tube 85 to the cylinder 30 surrounding the primary piston 20, driving the 

10 piston 20 to withdraw. Hydraulic fluid exits from near the tail 23 of the piston 20 as the 
piston 20 withdraws through the extend hydraulic feed 32. The actuator is now retracted, but 
in this embodiment is not locked in a retracted position. 

In an extend operation, hydraulic pressure is applied or increased to the extend 
hydraulic feed 32, and released or decreased from the unlock and withdraw hydraulic feed 

15 84. Hydraulic pressure applied to the tail 23 of the piston 20 causes the piston 20 to extend. 
Hydraulic pressure released from the unlock and withdraw feed 84 permits the locking spring 
57 to again bias the locking shaft 55 towards the tip 41 of the strut 40, with the result that the 
ramp 54 biases the locking keys 60 outward, to be ready to move into the groove 26 when the 
piston 20 is in the extended position. As the piston 20 moves into the extended position by 

20 hydraulic pressure from the extend hydraulic feed 32, the keys 60 indeed move into the 
groove 26, and the piston 20 is again locked in the extended position. 

In the event hydraulic pressure is not available, the system 10 may be suitably 
unlocked and operated manually, using the unlocking lever 72 driving the unlocking pawl 70. 
Hydraulic pressure is bled off (not shown), and the pawl 70 is moved by the lever 72, 

25 manually driving the locking piston 52 against the locking spring 57. This moves the shaft 
55 to an unlocked position, and the ring spring 61 pulls the locking keys 60 from the groove 
26. The piston 20, is thus unlocked, and with hydraulic pressure bled off may be withdrawn 
manually. 

Referring now to FIGURES 4A and 4B, an exemplary locking actuator 10 of the 
30 present invention is advantageously incorporated into a thrust reverser of a turbine engine 
100 of an aircraft (not shown). FIGURE 4A shows a thrust deflector 1 1 5 in a forward thrust 
position; while FIGURE 4B shows the thrust deflector 115 in a reverse thrust position. In 
both FIGURES 4 A and 4B, the engine 100 includes a body 109 and a turbine 105 for 
providing thrust. The curved thrust deflector 115 is linked to the body 9 of the engine 100. 
35 In FIGURE 4 A, the thrust deflector 1 15 is held out of the airflow from the engine 100 by the 
locking actuator 10 extended with its piston 20 extended from its cylinder 30. The actuator 
10 in the extended position bridges the forward thrust flow 120 with the cylinder 30 linked to 
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one side of the body 9, while the piston 20 is linked to the thrust deflector 1 1 5 on an opposite 
side of the body 9. When the actuator 10 is extended, the thrust deflector 1 15 is held out of 
the forward thrust flow 120. When the actuator 10 is withdrawn, the actuator 10 pulls the 
thrust deflector 115 into the thrust flow 120. To protect the actuator 10, the piston 20 and the 
5 cylinder 30 suitably are surrounded by a metal bellows 108. In the extended position, the 
actuator 10 is locked in flight for safety reasons, thereby holding the thrust deflector 1 15 out 
of the forward thrust flow 120. 

In FIGURE 4B, the engine 100 is shown with the thrust deflector 115 deployed, 
thereby resulting in a reversed thrust flow 122. The thrust deflector 115 is pulled in the 

10 output flow of the engine 100 by the actuator 10 when the piston 20 is withdrawn into the 
cylinder 30. The bellows 108 contract with retraction of the piston 20 into the cylinder 30. It 
will be appreciated that a thrust reverser utilizing a locking actuator 10 of the present 
invention may have an engine nacelle (not shown) surrounding the engine 100 that is smaller 
than nacelles covering engines with other thrust reverser actuators. This is because the thrust 

15 reverser actuator 10 suitably may be positioned substantially within the engine 100 itself. 

In FIGURE 5, an exemplary mounting configuration is shown for the locking actuator 
system 10 of FIGURE 1. FIGURE 5 is a rear end view of the system 10, away from the 
primary piston 20 (not shown) showing the end cap 86 with its vent screen 88 mounted 
within the body 80. Projecting outward from upper and lower portions of the body 80 

20 respectively are the extend hydraulic feed 32 and the unlock and withdraw hydraulic feed 84. 
Also projecting outward from an upper portion of the body 80 are the locking pawl housing 
79 and the manual unlocking lever 72. Projecting out laterally from the right and left sides of 
the body 80 are trunion mounts 90 that suitably hold the system 10, while permitting the 
system 10 to pivot. In this example the trunion mounts 90 are suitably configured as sockets 

25 to receive mounting bars or pins (not shown). 

While the preferred embodiment of the invention has been illustrated and described, 
as noted above, many changes can be made without departing from the spirit and scope of the 
invention. Accordingly, the scope of the invention is not limited by the disclosure of the 
preferred embodiment. Instead, the invention should be determined entirely by reference to 

30 the claims that follow. 
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